The influence of silane debonder on the properties of fluff pulp fibers was investigated. The results showed that the burst index and internal bond strength of pulp sheet decreased with the increasing debonder loading. The density and zero-span tensile strength didn't change significantly when the debonder was added. The absorption capacity of fiber increased with increasing the de-bonder loading and achieved a maximum value of 10.3 g·g -1 when the debonder loading was 2.5%. The relevant mechanism was studied by X-ray Diffraction (XRD), Fourier transform infrared (FT-IR) spectroscopy, and energy dispersive X-ray analysis (EDAX). XRD analysis indicated that the debonder had no great influence on the crystal structure of fiber. FT-IR analysis results showed that it was easier to break the intermolecular hydrogen bond than the intramolecular hydrogen bond with the incorporation of debonder. Therefore, the proportion of intramolecular hydrogen was increased. The EDAX results indicated that the debonder can decrease the binding force of fiber by shielding the hydroxyl groups and preventing the formation of hydrogen bonds.
INTRODUCTION
Cellulose is the most abundant natural polymer. Not only can cellulose be used as raw material for papermaking, but also be applied in the field of absorption production, such as fluff pulp. Fluff pulp is a kind of material with high absorbent properties and has been widely used in the health field, such as baby diapers, feminine sanitary napkins and adult incontinence products, et al [1] [2] [3] [4] .
For application in fluff pulp, cellulose fiber should have a longer length and higher strength, and the fluff pulp sheet requires suitable burst strength.
Suitable cellulose fiber is easily fluffed to form a network in the air-laid process. Fiber with longer length and higher strength favors the network strength and resilience in wet state [5] [6] . The resistance during the defibration of fluff pulp sheet under dry state is to a large extent dependent on the strength of the bonding force between fibers. Due to the existence of large number of hydrogen bonds in cellulose, the bonding strength of pulp sheet is high. The high bonding strength means that fluff pulp sheet requires relatively high energy to disperse into single fiber under dry conditions. In order to disperse dry pulp into single fibers with lower amounts of energy, varied types of debonder have been used to reduce the bonding strength of pulp sheet [7] [8] [9] .
Silane debonder is known and wide used in the fluff pulp and fluff pulp fiber area as a surfactant [10] . It can be linear or branched monoalkyl, dialkyl, tertiary alkyl or quaternary alkyl amine, ethoxylated alcohol, saturated or unsaturated hydrocarbon surfactant, quaternary ammonium salt, non-ionic surfactant, et al [11] . For example, a kind of cationic debonder with long chain was used in the process of fluff pulp, and the resulting fluff pulp is soft and has good moisture absorption and strength [12] .
Normally, debonder can be divided into two categories, cationic type and nonionic type [10] . Cationic debonders consist of two parts: cationic groups (-N + , -S + , -P + ) and hydrophobic groups. The positive portion is easily absorbed on the hydroxyl groups of fiber surface. It can weaken the inter-fiber forces by reducing the formation of hydrogen bonds between fibers. The hydrophobic groups also rearrange on the fiber surface. It can increase the smoothness of the fiber and thus reduce the friction between fibers. While debonder is used extensively in the production process of fluff pulp, the http://www.jeffjournal.org Volume 11, Issue 2 -2016 detailed mechanism of interactions between the debonder and cellulose fiber is still not fully clear. Therefore, further investigation is justified.
In this study, a debonder with silane structure was used in the preparation of fluff pulp. The influence of the debonder on the strength and absorption capacity of cellulose fiber was investigated. The effect of debonder on the hydrogen bonds of cellulose was analyzed by FTIR. SEM-EDAX was employed to study the distribution of debonder in the surface and inside of fiber.
MATERIAL AND METHOD Materials and Equipment
Bleached Softwood Kraft pulp was purchased from Celulosa Arauco y Constitución, Chile. Silane debonder was provided by Argus Textile Chemical Industry Co. Ltd, Shanghai, China. Sheet former D-45476 was purchased from Ernst Haage Apparatebau GmbH & Co. KG, Germany.
Preparation of Fluff Pulp Sheet
The chemical pulp sheet was torn into pieces and immersed in water for 12 h. Then cellulose fiber was dispersed into single fiber by the addition of varied levels debonder. Fiber and debonder then formed a homogeneous suspension. Subsequently, fluff pulp sheet with basis weight of 650 ± 10 g/m 2 was prepared on a sheet former. The wet fluff pulp sheet was pressed at 4 MPa for 3 min, and dried at 105 °C for 15min. The moisture was about 8 percent.
Characterization
The internal bond strength of sheets was tested using to GB/T 26203-2010 on a KRK 2085-D tester. 
In (1), m 0 is the weight of fluff pulp, and m 1 is the weight of fluff pulp after absorbing water.
X-ray diffraction (XRD) patterns of fibers were recorded on a Japan RIGAKU D/max 2200 X-ray diffractometer using Cu Kα radiation (λ = 1.5406 Å) operating at 45 kV.
The FT-IR spectra of the fibers were recorded on a USA Nicolet NEXUS 670 apparatus.
The distribution of debonder in cellulose fibers was detected on a Japan HITACHI TM-1000 SEM-EDAX apparatus. The acceleration voltage was 15.0 kV.
RESULTS AND DISCUSSION Effect of the Debonder on Burst Index and Internal Bond Strength
One of the important properties for pulp used in dry forming application is the behavior during dry defibration [11] . The dried fluff pulp should be easy to dry defibrate. High bonding strength within the sheet means that more energy is needed during defibration to liberate fibers. Excessive energy input during defibration leads to fiber cutting [12] . Thus, the burst index and internal bond strength can be used as two indirect indices to indicate the behavior of pulp during dry defibration process. The burst index reflects the relative difficulty of dispersing the fluff pulp sheet into individual fibers in a dry state. The internal bond strength could indicate interactions between fibers. The effect of debonder loading on the burst index and internal bond strength are shown in As shown in Figure 1 , both the burst index and internal bond strength decreased with increasing debonder loading. When the debonder loading increased to 3.0%, the burst index and internal bond strength decreased from 0.85 KPa·m 2 ·g -1 and 0.022 J·m As can be seen from Figure 2 , the density of fluff pulp has no significant change at debonder loadings less than 2.5 percent. However, when the debonder loading exceeded 2.5%, the density of fluff pulp exhibited a significant decrease.
It is possible that a large number of the silane debonder macromolecules migrated to the fiber surface, resulting in significant reduction of friction between fibers. Therefore, the fibers can extend easily and the pulp sheet has a lower density. Besides, the value of zero-span tensile strength shows no obvious change with the increasing debonder loading. The zero-span tensile strength is mainly determined by the strength of fiber ontology. Thus, during the preparation of fluff pulp, neither the defibering of pulp sheet in water, nor the incorporation of debonder damaged fiber ontology.
Effect of Debonder on the Absorption Properties
Normally, fluff pulp is used in absorbent products, such as baby diapers, sanitary pads, and incontinence pads. Therefore, excellent absorption capacity is required. The effect of debonder loading on the absorption capacity of fluff pulp is shown in Figure 3 . As can be seen, the absorption capacity of fluff pulp increased to a maximum value of 10.3 g·g -1 when the debonder add level reached 2.5 percent possibly a result of increasing capillary action. At levels greater the 2.5%, absorption capacity begins to decline. And then began to decline. It is reasonable to infer that the shielding effect of hydroxyl groups has a certain negative influence on the absorption amount of fluff pulp as debonder loading exceeded 2.5 percent. 
Chemical Structure and Element Analysis of Debonder
In order to obtain some information about the functional groups of debonder, the chemical structure of debonder were studied by FT-IR. The FT-IR http://www.jeffjournal.org Volume 11, Issue 2 -2016 spectrum of debonder is shown in Figure 4 . The absorption band around 3387 cm -1 is attributed to the stretching vibration of hydroxyl groups. The broad bands at 2926cm -1 and 2854 cm -1 are assigned to the stretching vibrations of -CH 2 -. The peaks of 773 cm -1 and 723 cm -1 represent the bending vibration absorption of -CH 2 -. These absorption peaks confirm that debonder is an alkane compounds. The absorption peak around 1650 cm -1 represents the in-plane bending vibration of N-H in amino groups. Simultaneously, the broad bands at 920 cm -1 and 840 cm -1 are due to the out-plane stretching vibration of C-N in amino groups. Therefore, it can be inferred that the debonder contains a kind of cationic group (-NH 2 ). Thus, the main chemical components of debonder are long chain alkane and cationic amino groups. Figure 5 is the XRD pattern of raw fiber and fiber treated with 2.5% of debonder. It can be seen that both raw fiber and treated fiber have typical diffraction peaks assigned to cellulose I. The diffraction peaks around 2θ =15.2°, 16.7°, and 22.6° are attributed to the 101, 10 ,and 002 planes of cellulose I, respectively [16] [17] . The familiar peaks indicate that the debonder has no significant influence on the crystal structure of fiber. Possible reason is that the debonder only affects the fiber surface and the amorphous region.
XRD Analysis of Fiber

Analysis of Hydrogen Bonds Using FT-IR
FT-IR spectra of raw fiber and the fiber with 2.5% debonder treatment are shown in Figure 6 . Compared with raw fiber, no significant variation appears in fiber with the debonder treatment. Due to the large number of hydroxyl groups (-OH) in cellulose, many hydrogen bonds, including the intramolecular hydrogen bonds and intermolecular hydrogen bonds, could form between cellulose marcomolecules. Thus, assuming all the vibration modes follow Gaussian distribution, the hydrogen-bonded O-H stretching vibration was resolved into three bands for cellulose I according to the reports of Fengel [18] [19] [20] . The resolving results are shown in Figure 7 . Three distinct bands appear at 3455-3410 cm -1 , 3375-3340cm -1 , and 3310-3230 cm -1 . In cellulose I, they are related to intermolecular hydrogen bonds 2-OH……O-6, intramolecular hydrogen bonds 3-OH……O-5, and the intermolecular hydrogen bonds for 6-OH……O-3′ respectively [21] [22] . The absorbent intensities of these three resolved bands are set forth in Table I . In untreated cellulose fiber, band 2, representing http://www.jeffjournal.org Volume 11, Issue 2 -2016 intramolecular hydrogen bonds is lower in relative intensity compared to bands 1 and 3 (the two types of intermolecular hydrogen bonding). Incorporation of the debonder results in a significant decrease in relative intensity of the 6-OH……O-3′ hydrogen bonding band and a significant increase in relative intensity of band 2 (intramolecular hydrogen bonding) and a less significant decrease in relative intensity of band 3 (2-OH……O-6 intermolecular hydrogen bonding).
The spectroscopic response is translated into potential chemical interaction of the debonder with the various types of hydrogen bonds in Figure 8 
Distribution of Element Content
In order to study the distribution of debonder in cellulose fiber, silicon element was chosen to represent the distribution of debonder on the fiber surface and cross section of cell wall. The distribution of silicon element was measured using SEM-EDAX, and the results are shown in Figure 9 (a) for the fiber surface and 9(b) for the fiber cross section. Comparison of the two XRD spectra indicates generally higher levels of silicon on the fiber surface than in the cross section. These results show that the proportion of Si element decreased with the increasing distance from fiber surface. Further, in both cases, Si peaks in the spectra are accompanied by troughs in oxygen and vice versa. Thus, the debonder is distributed mainly on the fiber surface, where it combines with the oxygen. The hydroxyl groups were shielded and the formation of hydrogen bonds between fibers is prevented. http://www.jeffjournal.org Volume 11, Issue 2 -2016 Therefore, the bonding strength between fibers decreased, which led to an obvious decline of burst index and internal bond strength. Therefore, the influence of debonder on the fluff pulp properties was achieved by shielding the hydroxyl groups. Besides, the fact that the silicon film is concentrated on fiber surface may play a lubricant role, decreasing the friction among fibers, and decreasing the bonding strength between fibers. 
CONCLUSION
The burst index and internal bond strength of pulp sheet decreased significantlyly after the silane debonder treatment. The density and zero-span tensile strength exhibited no significant variation. The absorption capacity of fiber increased with the increasing debonder loading. A maximum absorption amount of 10.3 g·g -1 could be achieved when the fiber was treated by 2.5% debonder. The debonder exhibited no significant influence on the crystal structure of fiber. The debonder interacted to a significantly greater degree with the intermolecular hydrogen bonding than intramolecular hydrogen bond. Therefore, the relative proportion of intramolecular hydrogen bonds increased when debonder was added. The debonder decreased the binding strength between fibers by shielding the hydroxyl groups and preventing the formation of hydrogen bonds.
